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1 |  INTRODUCTION
Motor development refers to continuous changes in motor 
behavior over the life course and plays a crucial role in chil-
dren's overall development.1,2 One related term is motor 
competence, which reflects the degree of proficiency in per-
forming various motor skills such as running and catching as 
well as underlying mechanisms including motor coordination 
and control.3 Motor competence is considered a cornerstone 
for physical activity engagement and has been shown to be 
related to other health outcomes such as physical fitness, 
weight status, and perceived competence.4-7 In this respect, it 
is crucial to evaluate and monitor motor competence during 
childhood.
Numerous motor assessments have been designed and used in 
clinical, educational, and research contexts.8,9 Assessment tools 
can be product‐oriented and/or process‐oriented. Product‐ori-
ented assessment focuses on the outcome of performance (eg, 
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Purpose: Motor assessments generally produce a single motor competence score 
based on the general motor ability hypothesis, which states that motor competence 
is a one‐dimensional trait underlying a wide range of motor skills. Yet, it is unclear 
whether the general motor ability hypothesis holds true in middle childhood, which 
is marked by an increased participation in sports and other types of physical activity. 
Therefore, the aim of the study was to evaluate the structure of motor competence in 
middle childhood using a test battery with a large item set.
Method: A cross‐sectional design was used to collect motor competence data of 
2538 children aged 6‐11 years. Participants completed the Bruininks‐Oseretsky Test 
of Motor Proficiency—2nd Edition Short Form (BOT‐2 SF), which consists of 14 
skill items and covers different motor domains. In accordance with the BOT‐2 SF 
manual, point scores were computed for each item. Polytomous Rasch analyses (ie, 
general partial credit model) were carried out to investigate the construct of motor 
competence.
Results: Rasch analyses revealed different items with unordered threshold param-
eters, due to ceiling effects. However, after empirically rescaling the category width 
for each item, follow‐up analyses revealed a one‐dimensional structure with 12 items.
Conclusion: The study provides some evidence of a one‐dimensional construct (ie, 
motor competence) underlying motor assessment in middle childhood. Continued 
efforts should be made to ensure that valid composite scores are used in motor as-
sessment and to better understand the development of motor competence across 
childhood and into adolescence and adulthood.
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jump distance, running speed) while process‐oriented assessment 
addresses the quality of performance (eg, arm movements during 
jump, arm‐leg coordination during running). Assessments are 
generally used under the assumption that motor competence is a 
one‐dimensional construct, as reflected by the adoption of total 
scores.9,10 This assumption stems from the general motor ability 
hypothesis, which stipulates that there is a general motor ability 
that underlies numerous motor skills.11 It should be noted that 
various terminologies have been adopted in the literature to de-
fine the same construct. Within the context of motor assessment, 
motor competence and general motor ability can be regarded as 
the same latent trait underlying the performance of a wide range 
of motor skills.10 The choice of a motor test depends on different 
aspects such as test purpose (eg, identification, program design), 
group characteristics (eg, age, health difficulties), and adminis-
trative aspects (eg, user‐friendliness, test time).8 Another import-
ant aspect to consider in motor assessment is the psychometric 
quality of the test, that is, validity and reliability.
The importance of validity is highlighted by Burton and 
Miller who stated that “an assessment instrument that is not 
valid is utterly useless.”12 Moreover, motor assessments can 
only be as valid as the underlying construct that is being as-
sessed. As previously mentioned, the use of total scores in 
motor assessment relies on the assumption that the general 
motor ability hypothesis holds true. Nonetheless, validity re-
search has not provided a clear view on the structure of motor 
competence. While some studies demonstrated a general 
factor (eg, Webster & Ulrich13), others found a hierarchical 
structure with specific factors such as balance and manual 
dexterity (eg, Schulz, Henderson, Sugden, & Barnett14). It is 
suggested that the lack of clarity in the literature is (partially) 
due to the limitations of the measurement theory that under-
lies the assessment of motor competence.10
Classical test theory (CTT) has generally been adopted to 
develop and evaluate motor tests. CTT methods included in 
validity research are factor analysis and inter‐item correla-
tions.15,16 Some argue that the limitations of this approach 
have hindered our understanding of the motor competence 
construct.17 For instance, the CTT approach is item‐cen-
tered, which entails that the items form the latent variable, 
indicating sample and item dependence of test results.18 
Another limitation of this approach is the requirement of 
interval‐scaled variables in order to calculate correlations 
due to a lack of relative and absolute interpretation stan-
dards. However, raw item scores in assessment tools, such 
as the Motor Proficiency Test for 4‐ to 6‐year‐old chil-
dren (Motoriktest für Vier‐ bis Sechsjährige Kinder, MOT 
4‐6)19 and the Movement Assessment Battery for Children, 
Second Edition (MABC‐2),20 are generally converted into 
point scores using an ordinal‐scaled categorization system 
before computing a total score.10 For instance, in the MOT 
4‐6, raw item scores (eg, number of dots placed on a sheet in 
10 seconds) are transformed into point scores ranging from 
0 to 2, and subsequently summed to calculate a total score. 
Nonetheless, these scores are often not statistically tested for 
ordinal scaling, which raises questions about the validity of 
these measures. An alternative test theory that addresses the 
aforementioned limitations is item response theory (IRT). 
The IRT approach is trait‐centered, and its key feature of 
parameter invariance entails a sample and item distribution‐
free calibration of person and item parameters along the con-
tinuum of the latent construct. Additionally, ordinal‐scaled 
item scores are transformed into an interval measure through 
a logit scale by defining the probabilistic relationship be-
tween item responses and the measured latent construct.18 
Furthermore, IRT models allow us to connect the content‐
related definition of a latent construct with assumptions of 
measurement theory, which can further our understanding of 
constructs such as motor competence.10,21
The application of IRT methods in the field of movement 
sciences has been recommended for decades.21-25 One popular 
method that has been used, is the one‐parameter IRT model 
or Rasch model,18,26 which is based on the principles of fun-
damental measurement, objectivity, and order.18 These IRT 
methods have been used to calibrate test items, to validate test 
batteries and to evaluate theory. Prior IRT research on con-
struct validity in motor assessment has generally revealed a 
one‐dimensional latent trait underlying motor skills.10,27,28 
Although these IRT studies have provided valuable informa-
tion on the construct validity of motor assessments, few have 
included a large item set that covers a variety of motor skills 
to test the general motor ability hypothesis adequately. One 
such study by Utesch et al10 examined the latent construct of 
motor competence in children aged 3‐6  years using the 17 
items of the MOT 4‐6. While these findings support the gen-
eral motor ability hypothesis in the early years of childhood, 
it remains unclear whether this holds true as children grow 
older. Moreover, middle childhood is characterized by an in-
creased participation in sports, games and other types of phys-
ical activity, and the development of motor skills in specific 
contexts.1 As such, the current study aimed to investigate the 
latent structure of motor competence in middle childhood (ie, 
age groups 6‐8 and 9‐11 years) from an IRT perspective and to 
test the general motor ability hypothesis using a large item set 
of an existing motor test battery. The study further shows how 
the use of composite scores in motor assessment practices can 
be statistically validated as an indicator of motor competence.
2 |  METHODS
A sample of 2538 children aged 6‐11  years participating in 
the Flemish Sports Compass project was used in the study. To 
obtain a representative sample, children were recruited from 
29 primary  schools, randomly selected across all Flemish 
provinces and the Brussels Capital Region in Belgium and 
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located in urban and rural areas. Written informed consent was 
obtained for all participants from a parent or legal guardian. 
Ghent University Hospital’s ethics committee provided ap-
proval for this study. Testing took place during the fall of 2007, 
and was conducted in indoor facilities by trained examiners.
Children's motor competence was assessed with the Bruininks 
Oseretsky Test of Motor Proficiency‐2 Short Form (BOT‐2 SF) in 
accordance with the manual guidelines.29 The BOT‐2 SF is a prod-
uct‐oriented motor test that evaluates the gross and fine motor skills 
of individuals aged 4‐21 years. In its short form, the assessment 
includes 14 items from eight subtests, reflecting different motor 
domains: (a) fine motor precision: drawing lines through crooked 
paths, folding papers; (b) fine motor integration: copying a square, 
copying a star; (c) manual dexterity: transferring pennies; (d) bi-
lateral coordination: jumping in place—same sides synchronized, 
tapping feet and fingers—same sides synchronized; (e) balance: 
walking forward on a line, standing on one leg on a balance beam; 
(f) speed and agility: stationary hops; (g) upper‐limb coordination: 
dropping and catching a ball with both hands, dribbling a ball with 
alternating hands; (h) strength: knee push‐ups, sit‐ups.29 In accor-
dance with the test manual, we converted item raw scores into point 
scores with varying category width (ie, 0‐3 to 0‐10). These item 
point scores can then be summed to obtain a total score. With re-
gard to the psychometric quality of the BOT‐2 SF, good test‐retest 
reliability (r ≥ .80), excellent inter‐rater reliability (r = .98), and 
good internal consistency (r ≥ .80) were reported in the manual.29,30 
Content and concurrent validity have also been established.9,29
SPSS 23 (IBM Corp) was used to generate descriptive sta-
tistics for the BOT‐2 SF item scores. Using R 3.3.2,31,32 we con-
ducted IRT models to examine the assumed unidimensionality 
of motor competence across middle childhood. The general-
ized partial credit model (GPCM33) was used to analyze homo-
geneity and order within the construct of motor competence. 
The GPCM is an extension of the partial credit model (PCM34), 
which in turn is a (polytomous) generalization of the initial 
Rasch model for dichotomous data.26 In contrast to the PCM, 
the GPCM allows different category widths among items, as 
present in the BOT‐2 SF (eg, drawing lines [0‐7] vs walking 
forward on a line [0‐4]). Ordinal data are modeled through the 
estimation of person ability θ on a logit scale. For each item, 
item difficulty as well as threshold parameters b between cate-
gories i was computed; threshold parameters should be ordered 
as follows: bi < bi+1. Both item difficulty and threshold param-
eters were estimated on the same scale as person ability.
The GPCM provides on item level χ2 goodness of fit sta-
tistics for each item, with P‐values above 0.05 indicating 
good model fit. Furthermore, ordered threshold parameters 
show valid ordinal order, which is indicated by each cate-
gory having a maximum in the continuum of the latent trait. 
Items with unordered threshold parameters or violating fit 
statistics need to be excluded from the model. Within the 
IRT framework, the concept of reliability has been extended 
from a single index (eg, Cronbach's alpha, omega h)—which 
is helpful to compare average reliability between tests—to-
ward a function measuring the precision of measurement 
across the continuum. From an IRT perspective, it is com-
mon that the standard measurement error will be larger 
at the ends of the continuum of the measured latent trait. 
Lower standard measurement error would therefore mean 
more information.35 In order to examine possible changes in 
the latent structure with age, data‐analyses were conducted 
for age groups 6‐8 years and 9‐11 years separately.
3 |  RESULTS
Table 1 shows the medians and score distributions of the BOT‐2 
SF items. Most items displayed skewed distributions. The 
GPCM, used to test the assumed unidimensional structure of 
motor competence, showed no global model fit with the 14 items 
of the BOT‐2 SF. For both age groups 6‐8 years and 9‐11 years, 
items three and four (ie, copying a square; copying a star) did 
not fit the model. However, after excluding both items, unidi-
mensionality was shown for the remaining 12 items covering 
the motor dimensions fine motor precision, manual dexterity, 
bilateral coordination, balance, speed and agility, upper‐limb 
coordination, and strength (19.92 ≤ χ2 ≤ 60.71; 0.06 ≤ P ≤ .97, 
see also Table S1). With regard to the order of the categories, 
most items showed unordered threshold parameters in both 6‐ to 
8‐year‐old children and 9‐ to 11‐year‐old children (see Table S2 
for violations in bi < bi+1). These unordered threshold param-
eters are illustrated in Figure 1 by the overlapping item charac-
teristic curves (see Figure 1A‐B). These indicate violations of 
order within the ordinal scale. Hence, we empirically merged 
categories for these items based on (a) unordered thresholds and 
(b) low cell counts. For both 6‐ to 8‐year‐old and 9‐ to 11‐year‐
old children, model requirements were met for the recoded cat-
egories as indicated by ordered threshold parameters (see Figure 
1C‐D) as well as all items fitted into the unidimensional model 
(all P values > .05; see also Table S2).
Test information and reliability functions showed good 
sensitivity and reliability across the continuum of motor com-
petence for 6‐ to 8‐year‐old children with decreased informa-
tion at the very end of the scale. However, for 9‐ to 11‐year‐old 
children information and reliability functions indicate de-
creasing information and reliability for the upper proficiency 
level of motor competence. This means, the standard mea-
surement error is larger for the upper end of the motor compe-
tence continuum in 9‐ to 11‐year‐old children, compared with 
their 6‐ to 8‐year‐old counterparts (see Figure 2).
4 |  DISCUSSION
The role of motor development in children's health has un-
derlined the importance to evaluate and monitor motor 
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competence across childhood.4,5 Motor assessments gener-
ally adopt a composite score—based on various skill perfor-
mances—as an indicator of motor competence. The use of a 
single score is based on the assumption that motor compe-
tence is a one‐dimensional construct (ie, general motor abil-
ity hypothesis). In spite of this practice, the dimensionality 
F I G U R E  1  Category trace lines for the 12 BOT‐2 SF items meeting the model requirements. Pi represents the probability of category i at 
a certain skill level θ (eg, P1 represents the probability of category 1 for each item). Original categories for 6‐ to 8‐year olds are shown in A (top 
left) and for 9‐ to 11‐year olds in B (top right). Statistical categories for 6 to 8‐year olds are shown in C (bottom left) and for 9‐ to 11‐year olds in D 
(bottom right)
Age group 6-8 y Age group 9-11 y
Original categories 
Stascal categories 
(A) (B)
(C) (D)
θ
θ θ
P
(θ
)
P
(θ
)
P
(θ
)
P
(θ
)
Original categories
item tr ce lines  
Recoded categories
item trace lines  
Recoded categories
item trace lines  
θ
Original categories
item trace lines  
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of the related theoretical underlying construct is not yet fully 
understood, in part due to the methodological limitations of 
the widely used CTT approach.10,17 Thus, the current study 
aimed to investigate the latent trait motor competence in 
middle childhood from an IRT perspective with regard to the 
general motor ability hypothesis.
This study showed a one‐dimensional construct of motor 
competence in middle childhood, which is in line with pre-
vious research. For instance, Utesch et al27 found a one‐di-
mensional construct in children aged 9‐11  years using the 
German Motor Ability Test 6‐18, which consists of eight 
items (Deutscher Motorik‐Test 6‐18, DMT36). Another study 
of Utesch et al37 showed a single latent trait in children aged 
6‐9 years, using the same test battery. In contrast to the afore-
mentioned studies, the present research used a large item set 
(ie, 14 items) in order to evaluate the general motor ability 
hypothesis more adequately. Similarly as the investigation of 
Utesch et al10 in early childhood, the present study adopted 
the large item set of an existing test battery. The BOT‐2 SF is 
a widely adopted assessment tool that reflects different skills 
and motor domains. Bruininks and Bruininks29 indicated that 
the total score (ie, sum of the 14 item scores) is an indicator 
of children's motor competence, thus implying a single con-
struct. The Rasch analysis showed a global model fit with 
12 BOT‐2 SF items. However, due to ceiling effects in the 
BOT‐2 (Brahler et al38; see also Table 1), many items showed 
unordered threshold parameters indicating that the categories 
were not related to a child's performance level (see Table S1). 
Nonetheless, after empirically rescaling the category widths, 
follow‐up analyses showed a model fit with ordered threshold 
parameters. The 12 model‐conform items of the BOT‐2 SF 
can then be used to compute a valid composite score, reflect-
ing children's motor competence.
Two BOT‐2 SF items were omitted because they did not 
fit the Rasch model (ie, copying a square; copying a star). 
Further examination revealed that the excluded items have a 
process‐oriented scoring system in contrast to the product‐
oriented scoring system for the other 12 BOT‐2 SF items. 
In keeping with prior research,39,40 these findings seem to 
suggest that product‐oriented and process‐oriented measures 
are not equivalent. Still, as noted by Robinson et al,4 both ap-
proaches can be used in motor assessment to provide a more 
comprehensive view of motor competence.
The present investigation revealed a one‐dimensional 
construct of motor competence for age groups 6‐8  years 
and 9‐11  years. Interestingly, the results did show differ-
ences in test information and reliability between both age 
groups, depending on the competence levels. For children 
F I G U R E  2  Test information and 
reliability curves of the 12‐item IRT 
models. The curves represent the quality of 
information I(θ) as well as the reliablity r(θ) 
of the measurement the test provides at a 
certain skill level θ. Curves for 6‐ to 8‐year 
olds are shown in A and C (left) and for 9‐ 
to 11‐year olds in B and D (right)
Age group 6-8 y Age group 9-11 y
I(θ
)
θ
θ
θ
r(
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r(
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aged 6‐8 years, the test is suitable when assessing below‐
average to above‐average competence levels. In contrast, for 
children aged 9‐11 years, the suitability of the BOT‐2 SF 
decreases with higher competence levels, as indicated by 
a less reliable measurement at the higher end of the motor 
competence continuum. These findings are further sup-
ported by differences in item difficulties between younger 
and older children, in which most items are (much) easier 
to perform for 9‐ to 11‐year‐old children compared with 
their younger counterparts (see Table S2). This may in-
dicate differences in test sensitivity across age and com-
petence levels. Another possible explanation for the age 
differences in measurement accuracy is that motor compe-
tence becomes less general as children grow older. Indeed, 
Burton and Rodgerson argued that there may be an in-
creased specificity of motor competence or “differentiation 
of abilities and skills” with age.17 As children mature, they 
refine their basic or fundamental motor skills (eg, jumping; 
striking) and develop specialized skills (eg, rope skipping; 
tennis forehand strike) as they engage in sports, games, 
and other types of physical activity.1,2 Although there is 
some evidence for this developmental aspect,14 the notion 
of increased specificity over time has generally not been 
considered in the development and application of motor as-
sessments.17 A hierarchical structure underlying motor be-
havior as proposed by different authors17,41,42 may provide 
a suitable theoretical framework to capture changes in the 
construct of motor competence over time, but requires fur-
ther empirical research. In light of the restrictions of CTT 
methods such as factor analysis, IRT methods can provide 
a useful statistical approach to examine the dimensionality 
and structure of motor competence, and to support the de-
velopment and adoption of motor assessments in research 
and practice.
The main strength of the study is the use of a large item set 
(see Table 1), which has allowed an adequate evaluation of 
the general motor ability hypothesis. This study also included 
a large sample of 2538 children with a wide age range of 
6‐11 years. Additionally, this study adopted an existing test 
battery (ie, BOT‐2 SF) and provided information on the valid 
use of the instrument in research and practice. It should be 
noted that the BOT‐2 SF was developed for a wider age group 
(ie, 6‐21 years) than was included in the present study. Future 
investigations are needed to examine the latent structure of 
motor competence in adolescence and to validate assessment 
tools such as the BOT‐2 SF in older age groups. A limitation 
of the study is its cross‐sectional design, which has not al-
lowed to investigate the structural development of children's 
motor competence over time. As noted by other authors, in 
order to examine changes in motor competence across child-
hood and into adolescence and adulthood, it is important that 
future studies adopt a longitudinal design.4,10
5 |  PERSPECTIVE
The importance of assessing and monitoring motor competence 
for children's health4 necessitates valid measurements to enable 
appropriate interpretation. For this, a clear understanding of the 
latent trait underlying motor assessment is needed. This study 
provides insights into the theoretical definition of motor compe-
tence in middle childhood. Using the IRT approach, the study 
revealed a one‐dimensional structure underlying multiple motor 
domains and skills, providing support for the general motor abil-
ity hypothesis in children aged 6‐11 years. These findings are in 
line with previous IRT research on motor assessment in early 
childhood10 and support the use of composite scores in practice. 
The decrease in test reliability for older children scoring above 
average indicates that motor competence becomes less general 
as children grow older and develop skills in contexts of sports, 
games, and other types of physical activity.1,17 However, further 
longitudinal research in children and adolescents is needed to ex-
plore the construct of motor competence and potential changes 
over time. The IRT approach provides a unique perspective 
into motor assessment due to its methodological advantages22 
and could be used in conjunction with other measurement ap-
proaches such as CTT to better understand motor competence, 
and to validate tests for use in research and practice.
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